Introduction
Effective strategies for the prevention of noise induced hearing loss (NIHL) have concerned OHS practitioners and researchers for decades. This concern however, has turned to consternation in recent times, by the fact that although the causative mechanisms for NIHL is relatively well understood, exposure response relationships are well characterised, exposure and primary health effect is easily measurable and regulations based on these attributes have been in effect for decades (Daniell et al, 2006) , the prevalence and incidence of NIHL remains a significant occupational health problem for society.
For New Zealand, noise induced hearing loss is a major cost and burden and projections based on current trends suggest that predicted future costs are likely to escalate. The prevention of work-related NIHL has become a top priority for prevention and enforcement agencies. In order to address these
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Effective strategies for the prevention of noise induced hearing loss have occupied researchers, OHS practitioners and enforcement agencies for many years. This paper reports on the second part of a major study on the epidemiology and prevention of NIHL in New Zealand. The objective of the project was to evaluate existing work-related interventions to reduce NIHL, to identify critical factors in the development and implementation of such strategies, and to propose strategies/interventions where current interventions are considered ineffective. In addition, the research examined those aspects of workplace culture that affect decision-making around NIHL. A systematic review of the research literature was completed specifically focussing on the effectiveness of interventions in the prevention of NIHL and five key strategies were identified. Data collection methodologies were developed for specific industry sectors which were segregated into high, medium and low sectors of risk of NIHL. In addition to area noise measurements and personal dosimetry, assessments of the organisation's conformance to current noise management standards and safety climate data were undertaken. As anticipated, area and personal noise exposures were found to vary considerably within the "high risk" (agriculture, manufacturing and construction; range: LAeq 8hr 80 -90 dB), "moderate risk" (cafes and restaurants; range LAeq 8hr 60 -75 dB) and "low risk" sectors (pre-schools; range LAeq 8hr 70 -80 dB). Data on enterprise conformance with the Approved Code of Practice for the Management of Noise in the Workplace indicated that most enterprises surveyed did not conform to the specific requirements of the Code in relation to noise management. As a consequence of the research, a comprehensive multi level intervention strategy is proposed. The overall objective across the two research projects was to provide the OH&S JRP partners with a knowledge base for understanding NIHL in New Zealand, currently and in the future, in both work-related and nonwork-related environments, and to provide them with the robust evidence upon which they could develop effective interventions for control of noise-at-source and hearing conservation.
The objective of the second project and topic of this paper was to evaluate existing work-related interventions to reduce NIHL in New Zealand, to identify critical factors in the development and implementation of such strategies, and to propose strategies/interventions where current interventions are considered ineffective. In particular, this research project was to identify barriers to implementation of known approaches for addressing noise exposure. This included the perspectives of social marketing and behavioural psychology with respect to barriers to noise control and effective marketing of noise control messages to employers and workplaces. In addition, the research was to examine those aspects of workplace culture that affect decision making around NIHL.
This paper provides an overview of the evidence from recent systematic evidence based reviews of interventions in the prevention of noise induced hearing loss and identifies the barriers and enhancers of effective interventions, presents data from a recently completed survey of workplaces in New Zealand and outlines a framework for a proposed comprehensive multi-level intervention strategy.
Evidence From Systematic Reviews Of The Literature
A long awaited evidence based review of interventions to prevent occupational noise induced hearing loss has recently been reported (Verbeek et al, 2009) . Twenty one studies were included in the review. Of those, one study evaluated a strategy to reduce noise exposure, fourteen studies with 75,672 participants evaluated hearing loss prevention programmes (HLPPs), and six studies with 169 participants evaluated hearing protection. The overall quality of studies was reported as low.
One ITS study evaluated the effect of new legislation in reducing noise exposure. It found that the median noise level decreased by 27.7 dB(A) (95% confidence interval (CI) 36.1 to 19.3 dB) with a change in trend in time of 2.1 dB per year (95% CI 4.9 to 0.7). A hearing protection study in army recruits compared those exposed to impulse noise with non-exposed recruits. The odds ratio (OR) for hearing loss was 3.0 (95% CI 1.1 to 8.0) despite hearing protection. In four studies, workers in a HLPP had a 0.5 dB HL greater hearing loss at 4 kHz than non-noise exposed workers (95% CI 0.5 to 1.7). In one study, the hazard ratio of hearing loss was 3.8 (95% CI 2.7 to 5.3) for workers exposed to noise compared to nonexposed workers. In three studies, a high quality HLPP had a lower risk of hearing loss than lower quality programmes. Noise attenuation ratings of hearing protection under field conditions were consistently lower than the ratings provided by the manufacturers.
The authors concluded that there is low quality evidence that legislation can reduce noise levels in workplaces. (Verbeek et al, 2009 ).
A systematic evidence based review of literature (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) evaluating occupational NIHL prevention strategies was also undertaken as a part of the Prevention of NIHL project undertaken in New Zealand (Johnston, 2009 It has been recognized that occupational intervention studies are under reported in the peer reviewed literature (Beahler, Sundheim &Trapp, 2000) . To address this, the grey literature was also searched by accessing relevant websites to seek quality evidence for NIHL prevention programs from industry or regulatory bodies. Opinion or editorial pieces were excluded. Only English language publications were accepted. Extracted information was evaluated to determine the strength of the body of evidence supporting emergent aspects of NIHL prevention (NHMRC, 2008) . The review included three key components of the body of evidence matrix: study quality (evidence base assessed using the NHMRC criteria (1999) for levels of evidence, study consistency, and impact (size of the effect of the intervention). 
Identification of five key NIHL prevention strategies
The range of programs and interventions identified to prevent NIHL was heterogeneous in study design, outcome measures, geographical locations and industry types thus precluding any statistical meta-analysis.
Interventions that reported positive effects on NIHL ranged from large scale legislative change, to one-off workplace training sessions. Thematic synthesis of the intervention studies identified the following five key strategies for NIHL prevention: introduction of legislation, leadership, multifactorial interventions, implementation of engineering and design controls, and one-off training interventions.
While the hierarchy of noise control is an important over-arching occupational health framework used for control and management, NIHL intervention effectiveness did not correspond in a simple direct way with this framework alone. For example, an intervention to promote the use of hearing protection (HP) using a comprehensive, multifactorial strategy led by management (Hughson, Mulholland & Cowie, 2002) was more effective than an intervention that consisted of a single training session (Lusk et al., 2003) .
The evidence identified from this systematic review has been presented in the NHMRC body of evidence framework for each key strategy in Table  1 . Grading of study generalisability and applicability (other components of the body of evidence matrix) have not been included, as these require understanding of local target populations and industrial contexts to be meaningful (Johnston, 2009 (Griffiths 1985; Hofmann, Jacobs et al. 1995) .
Evidence from Survey of Workplaces
A primary objective of the Prevention of NIHL project was to undertake workplace studies to (1) determine the nature and effectiveness of interventions currently used in industry to reduce noise exposure and the incidence of NIHL and identify the barriers to the implementation of noise management strategies and programmes, (2) determine whether identified "high risk" sectors and occupations are conforming with current industry recommendations (e.g. The industry sectors identified included those shown in Table 2 . An industry database for these sector groups was developed (a) with advice from the NIHL Stakeholder Group, (b) from the ACC dataset for enterprises within the selected regions, and then (c) reconciled and validated by reference to the regional telephone business directory.
A combination of both quantitative and qualitative techniques were used in the collection of primary and secondary data. The techniques included; workplace observations, noise exposure assessments, semi-structured interviews, self administered questionnaires, and reference to archival data. Data collection for the workplace surveys were divided into 3 component parts:
Part 1 described the nature and effectiveness of interventions currently used in industry to reduce noise exposure and identify barriers to the implementation of noise management strategies. (2002) and Williamson et al. (1997) .
Risk of NIHL

Noise at Work Survey (Evaluation of existing noise sources and controls)
This section of the survey provided demographic details of the selected organisations, including the physical characteristics and details of work areas assessed; identification of existing noise sources; identification of existing noise control strategies; assessment of the options/ strategies for reducing noise exposure further. Noise exposure data including area noise levels and personal noise dosimetry.
Noise sources, paths and controls
Generally noise sources could be readily identified in the workplaces. For the high risk industry sectors, the sources were primarily due impact noise; rotational noise due to machinery, gears, conveyers and electric motors; engine noise; high frequency pneumatic noise due to hydraulic equipment and operations; pipe noise due to turbulent flow within pressurized steam lines; compressor noise; alarm noise due to operational alarm activation. For the medium and low risk sectors, noise sources tended to be related to the task, activity and equipment being used and the interaction of other, usually external sources of noise not directly related to the workplace. i.e. traffic noise.
Identification of noise paths in relation to the noise sources was complex as it included indoor and outdoor environments. However, airborne paths were primary route for noise, with some cases of structure borne and duct borne noise/vibration transmission.
The predominant noise control strategy in the majority of organisations surveyed was that of minimization, specifically the use of hearing protection. Although many operations were complex, noise control strategies aimed at the noise source and noise paths but could have been investigated further, including more specific and direct enclosure of machinery and equipment, use of vibration isolation, regular maintenance of machinery and equipment, elimination or replacement of old machinery and implementation of a "buy quiet" purchasing policy.
Administrative controls were not used in any of the organisations surveyed. With few exceptions, there was insufficient evidence that the key requirements of the Approved Code were met. In summary;
Noise exposure and dose measurements
1. Noise tended to be identified as an issue, and some informal assessments were undertaken (e.g. Difficulty having a conversation). No evidence existed that noise was identified as a significant hazard. i.e. Preliminary noise assessments.
2. Some evidence existed that elimination and isolation strategies were explored to reduce noise exposure, but were not generally utilised. Administrative controls were not used in any of the organisations surveyed.
3. Evidence that minimization (use of hearing protection) tended to be employed as the key control strategy.
4. No evidence that information or training was provided for noise control/ management in the workplace.
5. No evidence that noise monitoring or audiometry was routinely undertaken.
The third survey (Noise at WorkWorkplace Safety Culture/ Climate) is currently being analysed.
Development of an intervention strategy in prevention of NIHL
The overall outcome of the Epidemiology and Prevention of NIHL project was to provide recommendations for the development of an effective intervention strategy. A key approach would be to incorporate the conceptual model for intervention research proposed by Goldenhar et al, in 2001 . The model attempts to provide an integrating framework for diverse activities; articulate relationships among various types of intervention research; facilitate assessment of the current state of the field in order to guide strategic planning (for example, specific requests for intervention research proposals) and develop a common language to facilitate communication.
The model suggests that the intervention research process is cyclical and progressive and involves three broad research phases of intervention development, implementation and evaluation. It includes a set of five tasks that are important in any intervention research study:
1. Gathering background information and conducting needs assessment on the problem and the range of possible intervention strategies.
2. Developing partnerships with relevant stakeholder groups.
3. Choosing appropriate research methods and study designs.
4. Conducting the research.
Reporting on and disseminating findings.
Intervention research can be conducted at levels ranging from simple worksite programmes to national or international policy. LaMontagne and Shaw (2004) expanded this approach to describe a conceptual model that relates directly to occupational health interventions. As well as illustrating the intervention research process, it incorporates the differing levels and focus for evaluation; that is, from the national or international policy level, to the national campaign level, to the local/ organisational programme level.
The first phase of this strategy has been developed by the integration and assimilation of a variety of sources of data and information. The extensive evidence based review of literature on the effectiveness of intervention strategies in the prevention of NIHL, provided useful insights into a complex issue without simple solutions.
The survey of workplaces provided data on the nature and effectiveness of interventions currently used in industry to reduce noise exposure and the incidence of NIHL, to identify the barriers to the implementation of noise management strategies and whether identified "high risk" sectors and occupations were conforming to current industry recommendations. Another key component of a national strategy involves the hierarchy of legislation, regulations and an approved code of practice encompassing the minimum requirements and best practice principles for the management of workplace noise. In general, minimum requirements are at the legislative top of this hierarchy, with increasing detail on how to meet these requirements presented by advisory codes of practice at the base.
Barriers to meeting regulatory requirements and recommendations (e.g. Lack of access to services, lack of information about machinery noise levels / exposure limits, infrastructure costs, confusion about requirements vs. Recommendations, lack of national consistency) also need to be identified where they exist, so that ways of overcoming these may be addressed in both the government and private sectors (Gunningham and Associates, 2008 The Strategy recognises the existence of other types and causes of hearing loss amongst farmers (e.g. Noisy off farm recreational activities, chemical exposure). However, action to reduce the risks associated with exposure to excessive noise during agricultural production is a matter of priority, to reduce the incidence and impact of noise injury and hearing loss in the farming community" (Farmsafe, 2009).
At the organisational level, the practice of occupational hygiene entails the anticipation, recognition, evaluation, and control of exposures to health hazards in the workplace (Mulhausen & Damiano, 1998) . The further "upstream" from exposure one aims, the more likely one is to achieve the preferred goal of exposure prevention versus control. The principle in fundamental to OHS practice, but even so relevant and challenging for implementation in small enterprises/ businesses which constitute the largest proportion of NZ businesses, where the burden of exposures to noise and NIHL lie.
Hasle and Limborg (2006) developed a useful model of intervention research in small businesses. They suggest that researchers focusing on the development of interventions for small business need to study the complete system. Developing that model further in relation to small business interactions with government agencies, highlights the important role of intermediaries in the "embedment" or "ownership" of the intervention in the small business.
Conclusions
The evidence identified and collated in this review suggests that NIHL prevention is a complex issue without simple solutions. Effective interventions will require a combination approach, taking the best strategies from different types of intervention. In the intervention studies identified, the best of these approaches combined "high level" interventions (e.g. active management targeted with greater use of noise elimination, design and engineering noise controls). The least effective contained a lower level component (e.g. person centred behavioural approaches with little management support to promote the wearing of personal hearing protection).
The results of the workplace surveys confirmed that within the industry sectors selected, noise sources were extremely varied, but readily identifiable. Noise controls strategies primarily adopted a minimization approach (use of personal hearing protection devices), with little evidence of consideration of control options at the source of the noise or in the air path (engineering controls). Administrative controls were not utilised in any of the cases examined. In assessing the systems, procedures and activities of the organisations surveyed in relation to the requirements of the Approved Code of Practice for the Management of Noise in the Workplace, not one of the businesses surveyed (n=33) conformed to all the requirements. Noise exposure and noise dose estimates for employees working in these businesses were very wide and personal exposures ranged from 4% to in excess 600% daily dose.
A comprehensive multilevel intervention strategy has been proposed that may provide a useful framework for national, industry sector and organisational intervention design and implementation. The challenge for designing effective NIHL intervention strategies will be to integrate and build on evidence from previous international quantitative and qualitative studies, in combination with attention to optimal occupational intervention study design, and a clear understanding of the local context gained through primary research (Johnston, 2009 ).
